Introduction
The recent economic crisis and the events that followed, namely the debt crisis, pointed to a number of issues of European Economic and monetary union (EMU), such as particularly persistent asymmetries and differences in development. Due to the high interconnectedness of member countries' economies, it is no longer possible to perceive the problems of one country as isolated, since the negative effects are spread throughout the EMU. For this very reason, economists are starting once again various discussions about the advantages and the possibilities of national monetary policy in infl uencing macroeconomic developments or in diminishing the negative impact of the crisis.
The Czech Republic, as a candidate country for the Euro adoption, is still able to use its own monetary policy. There are, of course, different views on whether a monetary policy of small and highly open economies of the EU can be described as a separate and independent from the overall development of the EMU, and then to what extent. On the other hand, it is a well-known fact that even a setting of a common monetary policy may not be currently satisfactory to all member states. Today, when most countries are characterised by a high degree of openness, the process of monetary transmission operates faster. [20] , [34] The evaluation of this process and its effectiveness in infl uencing macroeconomic development is possible by examining the operations of monetary policy via selected transmission channels. All of these factors led to our interest in this particular topic.
The paper is focused on the analysis of the transmission processes of monetary policy in the EMU and in one of the accession candidate countries, the Czech Republic. The analysis was focused on the evaluation of the similarity in responses to monetary policy shocks in both the EMU and the Czech Republic. Closer attention was paid to the infl uence of the shortterm interest rate transmission channel on the price level, the nominal effective exchange rate and the gross domestic product. The effects of interest rate shocks on selected variables were identifi ed by estimating a VAR model. This analysis allows to determine the impulse-response functions that are used to estimate the impacts of interest rate on selected macroeconomic variables. The impacts of shocks were observed for the EMU and the Czech Republic, and the results were compared for the two periods. The aim of this paper is to evaluate the extent of similarity of monetary transmission process via the interest rate transmission channel in case of the EMU and the Czech Republic, taking into account the crisis period.
Overview of the Literature
During the last decade many important changes occurred in the monetary policy strategies as well as in the monetary policy instruments. This can be seen in the case of traditional transmission channels of monetary policy and their effectiveness, which have varied due to a number of structural changes in the economies as well as due to changing expectations of economic subjects. [29] Nowadays, most central banks use key interest rates in the implementation of their monetary policies. This way, they are able to infl uence infl ation expectations of different market subjects and direct them towards desired level of infl ation, thereby maintaining the fundamental objective of the scheme based on price stability, such as infl ation-targeting regime. [15] However, persisting problems of low economic growth and stagnant economies also forced the ECB and the Czech National Bank (CNB) to use less conventional monetary policy measures. In the case of the Czech Republic, CNB chose to use a heavily expansionary monetary policy oriented on the weakening of the exchange rate in order to stimulate the export performance of the country. The ECB decided to use the instrument of quantitative easing.
Despite general agreement on the signifi cant impact of monetary policy on the real economy, the latest global economic crisis has spurred further the debates on the various mechanisms, transmission channels and time delays. It may also be related to the crisis's extent, due to which, many authors refer to it more as a system one (multifactorial) rather than a cyclic one. [22] , [24] , [26] Studies on a single monetary policy of the EMU countries suggest that the impact of monetary policy on the real economy in the EMU depends on a number of external factors (economic structure, competitiveness, presence of various shocks, etc.). [29] Impacts of the fi nancial crisis on the transmission mechanism re analysed, for example in the Report on Financial Stability published by the International Monetary Fund [23] . The report compares the operation through the interest rate channel and the effectiveness in infl uencing short-term and long-term interest rates in the case of the EMU and the USA. According to the Report, the fi nancial crisis marked the transmission from key interest rates to long-term interest rates in the EMU as well as in the US. Badarau, Levieuge [5] analysed in their work the role played by fi nancial heterogeneity of countries in a monetary union and its consequences for the business cycle. The authors showed that the common monetary policy has contributed to the deterioration of cyclical differences of union's countries compared to the situation if these countries were hit with shocks and still had their independent monetary policies. It is therefore necessary to take into account the national characteristics of individual Member States when deciding on changes in the monetary policy, in particular with respect to future possible expansion of the Union. [11] , [27] Many of the current works are focused on these EU countries and their monetary transmission in the transformation process. [9] For example Lyziak [28] and Demchuk [14] tested, using VAR method, impacts of the crisis on the effectiveness of monetary policy transmission in the case of Poland. One of the most important fi ndings was that the traditional interest rate channel was the most affected by the crisis. Models of vector autoregression (VAR or VEC) are often used in the analysis of monetary transmission mechanism. A standard VAR approach assumes that the dynamics of the economy can be expressed as a set of macroeconomic variables. Some authors have criticised this approach, arguing that the functioning of the real economy and economic processes cannot be measured by any observable macroeconomic indicators. Despite the critics, these models remain one of the most widely used in modelling of monetary transmission processes. It is because VAR models enable to study and compare the effects of monetary shocks on selected variables in each country. Although monetary conditions as well as transmission processes may be different for various economies, many authors suggest that these differences were not that signifi cant in the 90s. [8] , [19] Methods used by these authors were based on different assumptions; nevertheless, they had reached similar results. They showed that the reaction of product to a shock in interest rates was not the same in all EU countries. However, differences in the transmission of monetary policy between countries (such as Germany, France and the United Kingdom) were not too prominent [23] . Angeloni et al. [1] confi rmed by using a VAR method that the interest rate channel in the EMU was at that time the most important out of the three monetary policy channels (interest rate channel, asset price channel and credit channel) in the transmission of monetary policy. Their results also showed that the impact of monetary policy on the overall product and the overall price level is the same in the euro area as well as for each of the member countries. The reaction of the product on the unexpected increase in short-term interest rate is only temporary and the prices' response is delayed by four quarters. Jiménez-Rodríguez Morales-Zumaquero and Balázs [25] , also Eger, Crespo-Cuaresma and Reininger [18] used also a method based on a VAR approach when analysing interest rate, commodity and supply-shocks for ten countries of the Central and Eastern Europe. According to their fi ndings, the responses to the shocks were expressed differently in various countries what they explained by differences in the development and the settings of monetary policies. The transmission mechanism in the case of the Czech Republic in the period 1994-2004 was analysed for example by Arnoštová and Hurník [2] . By using a VAR approach the authors found that unexpected monetary tightening leads to a decrease in product because prices remain infl exible for some time and begin to decline only after about two quarters. The exchange rate, however, reacts by an immediate appreciation. A longer period, covering the crisis, (until 2012) was analysed in the paper by Babecká Kucharčuková et al. [4] , where it was confi rmed that the transmission via the interest rate transmission channel has been weakened in the years immediately after the crisis.
A VAR model was also used to examine monetary policy actions with regards to the effectiveness of infl ation targeting monetary strategy. The causes of deviations of infl ation from the CNB targets during the fi rst ten years of the infl ation targeting (the period 1998-2007) were studied, again using a VAR model, by Holub. [21] Based on his fi ndings, he concludes that in the short term the shocks in the prices of agricultural producers have been the most important factor of deviations from infl ation target. However, in the medium term, the development of the real exchange rate gap clearly became the most important factor. The impact of real interest rates appeared as statistically signifi cant only in the shorter period of 2-3 quarters. Similar conclusions can be found in the analysis of Bisová [10] , who observed a stronger and more stable effect of the exchange rate channel on the fi nal target (infl ation target) of CNB's monetary policy than in the case of interest rate channel. Other analyses also showed that due to the effects of the crisis it is no longer possible to fully rely on Taylor-type monetary rules. [33] The effectiveness of short-term interest rates becomes problematic especially in times of crisis when the rates may be reduced close to zero levels. As a result, the transmission of the actual macro-economic variables proved to be relatively weak. Many authors suggest that the use of short-term interest rates under fi xed monetary rule may be less effective than its management under infl ation targeting. They especially highlight the benefi ts of infl ation targeting as a monetary strategy for transparency and greater long-term focus in the common everyday decision-making. [30] Yet, the examination of monetary rules and interest rate transmission mechanism in case of the catching-up countries came to focus relatively recently. However, the authors emphasize that despite the use of infl ation targeting, central banks still monitor the evolution of exchange rates. [3] , [35] Economic theory generally assumes that monetary tightening will be followed by a decline of the product and the price level, and shortly thereafter, by the appreciation of the exchange rate. However, some analyses showed that it is also possible to expect the opposite behaviour of the prices and the exchange rate. The reaction of the exchange rate may depend on the monetary regime. The unusual behaviour of exchange rates can also be caused by changes in the exchange rates regime or by currency crises when monetary tightening may lead to an immediate depreciation of the exchange rate instead of an appreciation. This atypical reaction is usually referred to as the "exchange rate puzzle". [2] As for the behaviour of prices, atypical reaction occurs quite often and it is described in a series of works dedicated to the analysis of the impact of monetary policy changes on the price level. Castelnuovo and Surico [12] state that this anomaly was "observed" and labelled as the "price puzzle" fi rstly by Sims and Eichenbaum. Studies offer several explanations for this problem. One of them is the misidentifi cation of monetary shocks associated with a weak reaction of the interest rate to a given infl ation. In other words, what is considered to be a monetary policy shock is in fact a combination of an actual shock and endogenous responses of the monetary policy. [7] In the following analysis, we therefore tried to apply a vector autoregression model for both the Czech Republic and the EMU to observe and compare the transmission through interest rate transmission channel. We have chosen the GDP, the consumer price index and the exchange rate as basic variables for the model, i.e. variables that central banks typically use when applying their monetary rules.
Econometric Model -Quantifi cation of the Relationships between Variables
To verify the existence of relationships between variables, we used a VAR model (Vector autoregression model). This model is often used when examining the effects of monetary policy and the effectiveness of its transmission channels as it equally allows comparing the results obtained for the different countries. A VAR model is usually used to observe the impacts of changes in monetary policy (tightening/easing) on macroeconomic variables such as the product, the price level, etc.
We selected the following variables in order to analyse the interest rate transmission channel: national nominal short-term interest rate (money market 3-month interest rate), gross domestic product at constant prices, nominal effective exchange rate and consumer price index. Similar variables were used e.g. by Arnoštová and Hurník [2] , Bisová [10] , Holub [21] in their analyses of monetary policy effects.
Unlike some authors in their models ([1], [2] , [4] ), we decided to omit the monetary aggregates. Many authors have shown that the inclusion respectively omission of these variables in the model will not affect the effects of short-term interest rate shock on the product and prices (e.g. [31] ), since the tested shock of monetary tightening is usually followed by a decrease in the money supply.
Based on the theoretical fi ndings on the interest rate transmission mechanism and when neglecting mutual interactions among transmission channels, the relationships between variables can be simply described as follows: a sudden monetary tightening in the form of an increase in the key interest rate is transmitted to short-term interest rates and also to evolution of exchange rate. Consequently, this will infl uence the activities of economic subjects and should result in declines of the product and the price level after some time.
Our model is based on the following equations: (1) by inverse matrix C -1. This operation is necessary because the model represented by equation (1) is not directly observable and structural shocks could not be identifi ed properly. A VAR model described by equation (1) can be modifi ed as follows:
where
B (L) is a matrix that expresses relation between variables on lagged values and e t represents an N x 1 vector of serially uncorrelated errors of the model.
We estimated and compared two VAR models in order to verify the correctness and accuracy of the results. Both models take into account the constraints arising from the recursive Cholesky decomposition of the residuals. The resulting effects of unexpected shocks on studied endogenous variables are represented by a function of IRF -impulseresponse function.
However, it is necessary to test the variables for the stationarity of the time series, as well as for the existence of a long-term equilibrium before the applying the model. It is also necessary to check the model for the autocorrelation, the residual heteroscedasticity and the normality. The next part of the paper presents only selected test results. Other results are available from the authors upon request.
Data and Results
The model was estimated for two different time periods. A shorter one corresponds to the period from the fi rst quarter of 1999 to the last quarter of 2008 (1999Q1-2008Q4), a longer covers the years 1999 to 2013 (1999Q1-2013Q3), including the global economic and the debt crises and the events that followed. The use of the same method for periods of various lengths enabled to analyse the impact of aforementioned crises on transmission processes of the monetary policy, namely the effects on product, prices and exchange rate. In our model, we assumed that the crisis negatively affected macroeconomic evolution and disrupted the transmission process of monetary measures to the real macroeconomic variables. As a result, the consequences of monetary tightening were transmitted to the observed variables only partially or with signifi cant delay (as shown for different countries e.g. in [4] , [14] , [23] , [28] .
Data used in this analysis were obtained from the databases of the European Central Bank (ECB) [17] , the Bank for International Settlements (Bank for International Settlements, BIS) [6] , the Eurostat [16] , and the Czech National Bank [13] . The model used quarterly data from the years 1999-2013 (60 observations) for the following variables: gross domestic product, the nominal effective exchange rate, price level and shortterm interest rates. The analysis was focused on the comparison of indicators in the EMU and the Czech Republic. In the case of GDP time series data were seasonally adjusted in order to eliminate seasonal factors.
Evolution of Endogenous Variables
When constructing the model, we assumed that monetary policy decisions of the central bank and changes of its key interest rates are transmitted to the interest rates on the money market. This suggests that changes in setting of 2-week interest rate for the main refi nancing operations are later closely copied by the development of 3-month EURIBOR (Fig. 1) . In other words, the evolution of the EURIBOR refl ects the changing stance of the ECB. Similarly, in the Czech Republic, changes in the base interest rate, namely 2-week repo rate can be also monitored through the evolution of the PRIBOR, a money market interest rate (Fig. 1) . The central bank's key interest rate and the money market interest rate present in both cases a high degree of correlation; thus money market interest rates can be used for estimating changes in monetary policy stance. The same approach (i.e. replacing the 2-week interest rate by 3-month money market interest rate) was used for example by Arnoštová and Hurník [2] , also by Babecká Kucharčuková et al. [4] .
The evolution of endogenous variables in the Czech Republic within the observed period of 1999-2013 was characterised by a considerable volatility (Fig. 2) . The reference period can be divided into two basic periods, namely the period of 1999-2008
Fig. 1: Interest rates (%)
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Fig. 2: Evolution of GDP (index, 2005=100), index of consumer prices (index), NEER (index) -CZ
Source: own calculations, Eurostat [16] and Evolution of the observed endogenous variables for the whole EMU showed a similar trend as the evolution of endogenous variables in the Czech Republic (Fig. 3) . As for the evolution of the EMU's GDP, it indicated an increasing trend until 2007, interrupted only by the impact of the global economic crisis in 2008. Some EMU countries even suffered a decline in the GDP compared to 2007. After 2008, the GDP growth trend slowly recovered, although 2012 brought again a more pronounced slowdown as a reaction on the situation prevailing in the EMU at the time. Similarly to GDP, infl ation was rather stable until 2007; afterwards its evolution became more volatile. The nominal effective exchange rate of the EMU was marked with a general trend of a gradual strengthening, interrupted only by shorter temporary periods of NEER's depreciation. The most signifi cant weakening of the NEER can be observed in the years affected by the global crisis.
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Tests -The Verifi cation of the Basic Assumptions of the Model
Before using data for econometric modelling, it is necessary to examine their stationarity that was verifi ed through unit roots testing. We used
Dickey-Fuller test (Augmented Dickey-Fuller test, ADF) and Phillips-Perron test (PhillipsPerron test, PP). Both tests verify the null
hypothesis of the existence of a unit root. If the hypothesis were confi rmed, it would mean that the time series are non-stationary. Observed time series were mostly non-stationary at values, therefore it was necessary to test them for the stationarity also at their fi rst differences. Here, the stationarity was confi rmed and the null hypothesis of the unit root presence was rejected (Tab. 1).
When testing time series, it is also necessary to determine whether observations are not mutually correlated. The presence of the residual autocorrelation was checked by using LM test as well as the corellogram, which confi rmed that the residuals can be regarded as mutually uncorrelated. Jarque-Berra test was used to test the normality of residuals. Based on the test results, it can be concluded that the residuals are from the normal distribution. 
Economics
The stability of the selected model was evaluated and confi rmed through AR Root Test. Based on all results (unit root test and cointegration) a VAR model was estimated. Subsequently, this model allowed deduction of impulse-response functions as well as the variance decomposition for both the EMU and the Czech Republic.
Discussion of Results
The estimated VAR model allows to deduce the impulse-response functions (IRF) for each of the endogenous variables. We focused only on the observations of variables' responses to changes in interest rate PRIBOR for the Czech Republic and EURIBOR for the EMU. We considered a one-time positive interest rate shock which represents a monetary tightening.
Based on the theory, it can be expected that a monetary tightening (increase in short-term interest rate) will be followed by a decrease in total product, the price level, and the appreciation of the exchange rate (increase of exchange rate) shortly thereafter.
The graphs for the years 1999-2013 (Fig. 4) show as expected, the decrease of the product. However, the product did not respond immediately but with a delay of approximately three quarters. NEER responded by deterioration in the short term, what may be related to the higher volatility of bilateral exchange rates of the Czech Crown against foreign currencies since 2008. Similarly, the price level did not react as anticipated. Its response was a very mild and delayed by approximately two quarters. In the shorter period when crisis still did not affect the macroeconomic situation, the endogenous variables' responses to sudden interest rate shock were much closer to theoretical expectations (Fig. 5) for the fi rst two variables. The product reacts similarly as in the longer period, i.e. by a decrease with time lag of three quarters. The NEER's reaction leads towards a very modest and short-term recovery but only after two quarters. The price level equally does not respond as expected, to the shock in the short-term interest rates.
Czech Republic
Based on these fi ndings, it could be said that the impact of interest rate shock on the variables studied over a longer period 1999-2013 (with the impact of the crisis) was different from the development in a shorter period (with no crisis) only to a small extent. Initial suppositions based on theoretical assumptions were fulfi lled in a shorter period of [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] for the NEER and the GDP. The reaction of the price level was in neither of the cases in accordance with the expected evolution. We cannot therefore defi nitively state that the transmission from monetary policy measures to the real macroeconomic variables was signifi cantly disturbed by the crisis.
The evolution of IRF functions for the EMU in the period of 1999-2013 is shown by Fig. 6 . The responses of the GDP and the price level were contrary to initial expectations. The product starts to decline with a more signifi cant delay of fi ve quarters. The nominal effective exchange rate reacts by a depreciation, as in the case of the Czech Republic. These results may be explained by the composition of NEER which takes into account transactional elements (effect on real output) and trade relations of the country to a greater extent than just the effects of short-term interest rates. The heterogeneity of the EMU can also play a certain role as it caused that the macroeconomic effects of the crisis for various countries differed.
The reactions of endogenous variables in a shorter period of 1999-2008 (Fig. 7) are very similar to the reactions over a longer period. Evolution of IRF functions for GDP and CPI is almost identical. In case of NEER, a depreciation of the exchange rate can be observed over the fi rst four quarters
The comparison of the reactions studied for longer and shorter periods show in neither of the cases a signifi cant distortion of transmission of monetary measures to the real macroeconomic variables due to the crisis. Another important issue is a fact that the effectiveness of the short-term interest rate in affecting the price level has proved to be relatively weak. Based on these fi ndings we can conclude that in the both observed cases the effect of exchange rate puzzle and the price puzzle appeared, as described, for example by Arnoštová and Hurník [2] , Balke and Emery [7] or Castelnuovo and Surico [12] .
The Results of Variance Decomposition of Endogenous Variables
Based on the estimated model it was possible to continue with the variance decomposition of the endogenous variables. Tab. 3 shows the contributions of the changing interest rate PRIBOR to the variability of the GDP, the price level and the nominal effective exchange rate for the Czech Republic over the period 1999-2013.
It can be concluded that the change of PRIBOR has a signifi cant impact on the variability of the GDP (15.5%) but only with a time delay. The reaction is weaker for the price level (9.23%).
Similarly, in the case of the nominal effective exchange rate the effect of changes in interest rates has a weaker momentum and accelerates with a time delay (7.23%). In percentage terms, the effects of the PRIBOR can be described as "the strongest" for the GDP. It can therefore be concluded that the responses of variables on the unexpected increase in short-term interest rates are weak and delayed. Based on the variance decomposition of the endogenous variables in the EMU for the period of 1999-2013 we can say that the contribution of changes in EURIBOR to the GDP's variability in the whole EMU was signifi cant, especially at the beginning of the period but with the lag of two quarters (17.18%). This contribution was weakening with the increasing time interval. The interest rate shock also had a fast impact on the price level when its effect increased signifi cantly during the fi rst three quarters (18.33%). For NEER the greater impact of interest rate shock started to show only with the delay of four quarters and peaked after six quarters (9.58%). (Tab.
3)
The decomposition of variance calculated for the period of 1999-2013, showed in case of the EMU statistically signifi cant contributions of interest rate changes to the variability of all studied endogenous variables but with different time shifts. 
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When comparing the results of the variance decomposition for the Czech Republic we can observe the lower contributions of changes in interest rate to variability of variables. The interest rate channel did not revealed, particularly in case of the Czech Republic; a strong and stable effect on the observed variables. Similar fi ndings can be found in the analysis of Holub [21] who states that the impact of interest rates on the deviations in infl ation was close to statistical signifi cance, with the exchange rate being the most important factor. Bisová [10] also confi rms a stronger and more stable position of the exchange rate channel within the transmission mechanism in the Czech Republic in comparison with the interest rate channel.
Conclusion
The recent global crisis has renewed interest in studying the transmission mechanism of monetary policy. Many authors noticed that the crisis affected mostly the traditional interest rate channel. The crisis has also renewed debates of the joining the EMU and the advantages of single monetary policy as a tool for the macro-economic regulation and mitigation of shocks. Unfavourable developments after 2008 still verify the ability of monetary policy to mitigate negative impacts. This can be seen in the context of common monetary policy effects and deepening asymmetries between member countries. It is possible to evaluate the success of a single monetary policy of small and open, non-member country in infl uencing macroeconomic situation. From the point of view of the central authorities of these countries, e.g. the Czech Republic, it seems therefore important to preserve an independent monetary policy.
Our analysis was focused on monitoring the operation of monetary policy through interest rate transmission channel with the use of the basic variables: GDP, price level and exchange rate, i.e. the variables that central banks typically use within their monetary rules. The aim of the analysis was to verify the similarity of the monetary transmission process through this channel in case of EMU and the Czech Republic. We supposed that the negative evolution related to the crisis can disrupt the transmission of monetary policy measures to macroeconomic variables, therefore the impacts of monetary policy changes are transmitted to the observed economic variables only partially or with signifi cant lags. 
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The estimations were made using a Vector Autoregression -a VAR model, which is often used to evaluate the effects of monetary policy and effectiveness of transmission channels. It also allows comparing the results obtained for the different countries. The model was estimated for two different time periods: shorter 1999-2008 and longer 1999-2013, including the economic crisis and the development that followed. The same method used for different periods enabled to analyse the impact of the crisis on the monetary policy transmission process, namely the impact on product, prices and exchange rates. Based on the observed results it can be concluded that the product and price level responses to the positive interest rate shock in the EMU and in the Czech Republic are very similar within entire period 1999-2013. In the shortened, precrisis period 1999-2008 a different reaction of the nominal effective exchange rate could be observed, which in the case of the Czech Republic is closer to the expected response. It cannot be clearly stated that the crisis disrupted the transmission process of monetary measures to the real macroeconomic variables neither in the Czech Republic nor in the EMU. The interest rate channel has not confi rmed strong and stable effect on the observed variables.
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